ular filtration rate is preserved by hydration alone in these patients. The application of theophylline did not Background. Radiographic contrast media (CM ) application causes a decline in renal function, especially bring an additional benefit. The use of adenosine antagonists may be beneficial in patients where suffiin patients with pre-existing renal dysfunction. In addition to hydration, several vasodilating substances have cient hydration may be impossible or in patients with a concomitant decrease in renal blood flow (e.g. conbeen evaluated for their ability to prevent renal damage after CM application. In a prospective, double-blind, gestive heart failure). placebo-controlled study we investigated the effect of the oral administration of theophylline, an adenosine Key words: acute renal failure; adenosine; contrast media; contrast-media toxicity; hydration; theophylline receptor antagonist, on changes in renal haemodynamics and tubular injury induced by CM in wellhydrated patients with mild-to-moderate renal insufficiency.
Introduction
Patients considered significant. All data were expressed as mean±standard deviation (SD). The study protocol was approved by the Institutional Ethical Committee. Eighty Caucasian patients were prospectively enrolled in this study. All subjects gave prior written informed Results consent. Patients were eligible if they were supposed to receive at least 80 ml of a low-osmolality CM (iopromide) during either computed tomography (CT ) or digital subtrac-A total of 80 patients were enrolled. Forty patients tion angiography (DSA). None of the patients had a history were randomized to receive theophylline and 40 of allergic reactions to CM or theophylline. Pregnancy, received placebo. Sixteen patients did not complete the uncontrolled arterial hypertension, severe heart failure study protocol for several reasons. One patient under-(NYHA II-IV ), liver failure and nephrotic syndrome were went haemofiltration because of cardiac problems, exclusion criteria. Calcium-channel blockers and non-possibly due to the hydration procedure. The demosteroidal anti-inflammatory drugs were discontinued at least graphic characteristics of the 64 patients completing 2 days before study began. Diuretics, including furosemide, the study protocol are shown in Table 1 . There were were not discontinued during the study period and were no statistically significant differences between the given to 13 patients in the theophylline group and 15 in the groups.
placebo group. Approximately 40% of the patients (n=17 in the theophylline group, n=12 in the placebo group) received No significant changes of routine laboratory values angiotensin-converting enzyme (ACE ) inhibitors. Reasons were evident after CM application. Both groups did for renal insufficiency in the study population were diabetic not differ regarding urine output or urinary sodium nephropathy (n=22), hypertensive renal damage (n=13), ( Table 2) . Measurements of serum levels of theosevere arteriosclerosis (n=18) and unknown in 27 cases.
phylline showed a significant increase (range 40-110 mmol/l ) in all patients from the theophylline Study protocol group with the highest values on day 1 (74±26 mmol/l ) and day 2 (77±34 mmol/l ) after CM administration.
All patients were studied on an in-patient basis. Patients
The serum creatinine concentration was slightly were prospectively randomized to receive either theophylline (810 mg daily given as 270 mg in the morning and 540 mg in the evening, SolosinB, Cassella-Riedel, Frankfurt, for another 12 h. The net intake and net excretion of fluid Creatinine were balanced over 2 days, in order to avoid hyperhydration.
(mg/dl ) 1.9±0.5 1.7±0.4 Dose of contrast media
The study was performed in a double-blind manner. A (ml ) 130±57 120±48 creatinine clearance was obtained each day starting the day Contrast media/body surface before and continuing until 3 days after CM application.
(ml/1.72m2) 118±48 110±44
Patients collected urine for every 24 h during the whole study Diabetes mellitus 12 (34%) 7 (24%)
period. Serum values for the determination of creatinine (measured enzymatically) and routine laboratory parameters were taken in the morning before breakfast on the day before higher in the theophylline group at the time when Discussion the CM was administered (1.9±0.5 mg/dl vs 1.7±0.4 mg/dl ). During 5 days of the study period the CM-induced nephropathy can be defined as an otherserum creatinine concentration did not change signi-wise unexplained acute deterioration of renal function ficantly in either group. The corresponding creatinine after intravascular administration of iodinated CM. clearance values are given in Figure 1 . In accordance The pathogenesis of CM-induced nephropathy is with the serum creatinine values the creatinine clear-incompletely understood. In general, it is believed that ance was insignificantly lower in the theophylline group CM have special effects on renal haemodynamics and at the beginning. There were no significant changes of also exert some tubular effects. CM induce an intrathe creatinine clearance over the study period. Absolute renal hypoxia, possibly related to haemodynamic values of changes in serum creatinine levels also did changes and/or an increased reabsorption due the not differ significantly between both groups. Defining osmotic load [2] . It has been claimed that increased an increase of serum creatinine of at least 0.5 mg/dl as adenosine levels, as a result of enhanced ATP hydroacute renal dysfunction, we were able to observe this lysis, may be a major factor in the development of in two patients from the theophylline group (5.7%) acute renal failure after CM application. This is corroband in one patient from the placebo group (3.4%). orated by the finding that application of CM increases None of the patients required hemodialysis or had to urinary adenosine [3, 5] and the observation that dipyriprolong their hospital stay due to azotaemia.
damol, a nucleoside-uptake blocker, enhances the renal Regarding NAG excretion, we observed an increase haemodynamic effects of CM [3, 5] . Studies in dogs after CM application in both groups. The increase in have shown a nephroprotective effect of the unspecific NAG excretion reached statistical significance adenosine receptor antagonist theophylline after the (P<0.05) in the placebo group (on days 2 and 3 after application of CM [3] . Preliminary results in humans CM application). Results are shown in Figure 2 .
also indicated a nephroprotective effect of theophylline concerning the reduction of GFR after application of CM [4, 5] . To clarify the hypothesis of a nephroprotective effect of theophylline we conducted this doubleblind, placebo-controlled study to prevent CM-induced nephropathy in patients with renal failure, such patients are generally considered to be at greatest risk of renal insufficiency induced by CM. Concerning the GFR as measured by serum creatinine levels and creatinine clearance, in our study the administration of CM did not induce significant changes in either the placebo or the theophylline group ( Figure 1) . The incidence of acute renal dysfunction was low in both groups (placebo group, 3.4%; theophylline group, 5.7%). These results are in contrast to preliminary results [4, 5] . In the present study all Fig. 1 . Creatinine clearance after administration of iopromide in patients were hydrated starting at least 24 h before patients with pre-existing renal insufficiency. The patients received CM application, which was not carried out in previous either placebo (hatched bars) or theophylline (black bars). trials [4, 5] . It is known that in a dehydrated state both renal blood flow and glomerular filtration rate are decreased and therefore the magnitude of the effects of CM on these parameters is more marked [6 ] . Thus, it can be argued that the prolonged tubular exposure to CM because of low tubular flow rates, in combination with stimulation of the renin-angiotensin system, is the main reason for the protective effect of adenosine antagonists in this setting. This idea is underlined by our own experimental results that rats under chronic NO-blockade are highly sensitive to CM damage [7] . Under this condition adenosine antagonists showed favorable effects concerning the prevention of a decline in GFR and RBF in dehydrated animals [8] . In addition to being hydrated, both groups received nonionic contrast media, most of which were injected Fig. 2 . NAG excretion after administration of iopromide in patients intravenously. Both hydration and the intravenous with pre-existing renal insufficiency. The patients received either route of administration of contrast media have been placebo (hatched bars) or theophylline (black bars). The symbols shown to lower the incidence of CM-induced nephroabove the bars refer to the statistical comparison with baseline levels (day before CM administration), *=P<0.05.
pathy [1] . So far, patients with heart failure or an Prevention of radiocontrast-media-induced nephropathy 1149 inability to be sufficiently hydrated, due to other condi-effect of adenosine antagonism in this setting should be carried out. tions and a higher degree of renal insufficiency, have been excluded from trials investigating the effects of theophylline.
Regarding NAG-excretion as one indicator of tubu-
